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A method of dn&ly71ng and Dptllelng a theoretical LﬂdLthDr diagram

for a free-piston Longsworth expander /5/ (Flg. 1) was-proposed in /a/.

The guestion of how to assure the
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Fig. 1, Dizgrzm of o Lengsworth expander prin-

ciple: 1 - Receivers; 2 - conatraining valves;
3 - regenerator; !t - refrigerator; 5 -~ expander

working cavity; 6 - piston;

cavity; 8 ~ dead volume of the damper cavity;

7 - damper working

9 - choke hole, i0 - buffer capac1ty 11 - hesat

9xchangex

negligible comp&red_tp the pressure forces.
and duration of each cof the processesAare determined just by the gas
" through the choke hole and the valves. .

the instantaneous values of the discharges to the thermodynamic and structural

mation on the bhasis

uElECued form oI the indicator ‘dia-

gram for a machine wlthout

~hav1ng the kinematic coup—
ling‘between the motion and
gEs distribution mechanismsu
arises in déveloping such ~

an Pqunder

The problem can ba
solved in a first apper1—

‘of the

assumption that the fric-

tion and dinertia forces are

The analvtical dependences connecting

characteristics of the expander permit computation of the valve cyclogram.

In general form,

can be represcnted as

(1)

where -t is the time, M

volume under consideration,
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Fiz. 2. Theoretical indi-

cator diagram of the expander
pavity: 1-2 - intake at ele- -
2-3 - Tilling;

-5 - exhaust for a fixed piston;

vated pressure;
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indicator diagram (Fig.-
" neous value of the discharge

dary of this volume.

the numbering ol the’

the duration of ény of the indicator diagram processes

(n

the mags of gas in the Qconﬁtant or vaﬁiable)

nodal points of
2), G the instanta-

through the.boun—

‘The discharge for e case

of escape through the hole can be determined by

mesns

of the known relationships /la

h/:‘\

. —
A / TN
G == Jio § ———

k|

(2)

{nh): F

for the suberitical eJCapc mode, aﬂd

P o k-1

)

5-f - exhaust with expulsion; 6-7 - expul-

sion: T-8 - exhaust cutoff; 8-1 - pressure rise in the dead volume for a

Tixed pluton
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In this case the piston vclocitylf

diséﬁargeﬁ
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Here p and T are the pressure and temgerature,'respectively, k
is the adiabatic index, ‘frthe hole cross—sgctional.areaxiandx # the dis-
charge coefficient.. - '

In'fhié daSP; the duration of thﬁ processes 2 = 3 -4 - 5 depénds
Dn the Lempo of escape from the damper cavity, assumed adlabatlc, imto -the
buffer capa01by at the practlcally conotant meglum pressure pc and. tempera—'
ture Tc', i.e., - .
| p'=p; p'=p ; T = 1I(p)
qhere the single prime denotes quantities referring to the cavity out-of -
which the gas flows and'the'doublg prime to the cavity inﬁo which the gas
flows, ‘ - _ _ ! ( ‘ A o

Hence, the discharge iq the proées 2;37&—5' is a funclion of one
" variable (the pressure. p ) in the damper cavity fG.= {p} .
| The timerbf the processes 6—7:8—1 is déterminedfby the discharge from
- the bufler capacity into the damper qavity _

o pt=p, P = T =T
and G = f{p) as in the previOHS'case. ' )

The gas goes into the‘gxpandér working folﬁme or outs qf'itgthrohgh a
valve an order of maénituaé greater'thdn the choke in processes l;2 and
5.6 ; the pressure varies-rapidly from Dl Lo ‘pmdt or‘from‘:p. tp pmln .
-1t is naturdl to assume that in this case a negligibly small qudntlty of gas
<aucce1ds in passing through the choke and the time s, .and T3, 1s deter-
mlned by the dlscharge through the values, i.e., the constants 'ﬁ* = p

T o= Tc' aiid the variable p" = pd should. be subatltuted into (2) Ior the

. ‘ C‘< _ ' 3 - i " — 5 1 — .
proceis 1-2 ,‘and the copnstant p pm;n,.d?d ﬁhe variables p Pnin
and T' = T(pd) for the‘process-r5—6'. .
 Here p___ anad p are the pressure in the receiVers, and o is .
max in ) d

the moving value of the pressure in the expander cHV1ty
Let us note That under the assumption that the frchJDn and Jnerild
force is zaro, thn pzeusuxes pd and P on the =ides of the piston are
~equal, therefore, Lhe dlschdrge G,, through the valves in the processes
1—2A‘and 5-6 iz also a function of the pressure in the damper cavity:
Gz =F(p), . '

On the basis of the assumption that the dampér'cavity is adiabatic,
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_ ye can write for either of the proce -ses 2-3-L-5 "and 6-7- 8 T
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where P, V,.T  are the pressure, volume, and temperature of the damper volume,
respectively, Vd is the volume of the expander cavity, Vo 1% the maximum
‘volumé of the'damper cavity'(taking‘account of its dead volume, P and. Tn

)

are the initial gas paramebers for this proceso ‘
The mass increment element in the thermodjnamlc dead volume- expander

, cav1ty Qyotem in the processes 1-2 and 5-6 -

B . . . N k-{-l . .
_ o VLY V_in i S
{5) . . l,l, FV¥rar ,,,u E,,) ‘ _ .
i o . . dl =d P, - RT, \ s C (3}
where Vﬁ and‘1ﬁmg are the refrlgerator and regenerator £2as volumcs,
: VoL
per i

o _-V———-?E ig the reduced temperature of the dead volume, Tp iz the gas
per p - . " . A

1, per TD

temperatyre in the refrigerator ahd 7}m- is the‘mean gas’temperature in the
.regenorator (dssumeﬂ constant). . . ‘

The eduation connectlng the gd: volume dnd prgSSuLe in the expander -
cavity Vd(p) must be_substltuted 1ntu‘(h) and {5). .

Therefore, {1) reduces to '
’ a1 A

6y T & E di_ (i ,
. . . . EEITREE Y} , I _-'15 ':_, (1’-’) f/, LG)
1 4 <t

where f(p) = daM .
After appropriate menipulations, (6)‘becomes‘f0r the separate processes
_ ‘ . ' e . ap - . IR
{7) _ _ 1,.?=j¢17f-?; NGy
. Lo g8 gy ® ' :
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(13) o . A T & C, 0 j‘ ,,_T::-":::f‘:i:. dp; R . 113
l | b R & 3 a =k p_f‘_ ‘
’ . 1.
‘ : S o dp . o iy
(llk) ' . . . ':S._l = g L‘Wmm—vi—é‘ . (143 .
’ ' 8 pk E a—bp k o

‘and  C,a,b are consiant coefficients Fol a -given procet%. 7
Thc probvlem of determining the Pmpty¢ng or f]lllng time for the capa01ty
in the suberitical escape mode is ubual]y solved by numerical methods JARR Y

Irn this case L admltg of an analytical solution. Therquadratures can

a—l
be found by using the substitution v=p & . for the ¢pbegrals'(7),(13) and
. = PP - ' - ' 3
(1h)k re=ep * - for’(ll), and . _ ,& - Tor (12). By substituting x = p
the integrends of {8) and {9) are reduced to
. - ‘ B : v :
(15) ‘ . . ‘ o :—-C( il —g) 7 ode . (15}
‘ For 2 monotomic gas,‘hellum, say, k= 5/3 , and the pinomial differeéntial
(15) is ratibn&lized'by the Chebyshe# methed by the substitution

7k B -

a-= z
aftcr which 1nteglat10n is not difficult.

Tiue expression (10) is integrated by an anslogous method.

Since fhe pressure is constant in the processes 2-3 and 6;7 , they
are dea(rlbed bv algebralc equatlonp ' '

If the ratio betwegn the pressures gDVErnlng the escape mode paqseu

¢

through the critical value, (1) shou]d he rppreoented ag

,(16)

n

w T
dr ' .
e . (g -
Tn. _-7_|.-]‘ 3 ‘Glc‘p + 5 ) G l. . . o S i)
o 1 ’

iwhere m is the poinﬁ of_thelﬁrocéss corresponding‘to the critical pressuremi
The initial values for each of the proceqqeé are éumputed by meané_of
the condltlon of erlodlthy of thp expander worklnp chle.
. The mpthod degerived pormLLbed repre%entaLLon of the operablng cycle
time as '
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where § and f% are the passage section areas of the choke and valve;
respectively, » and g, are the mean values of the choke and valve disqharge

coefficients, in the pressure range under consideration, rvespectively, Vm is
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the dead volume of the damper cavity - F and L sare the piston stroke dnd:
area, and %, .., are dimensionless complexes comprised'of,the parameters

Charagterizing the structural peculiarities of

f:"-“"ﬁ,‘mn “

08 " the expander and its opecrating modée:
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Ty : The expression (LG) permits computation

of the wvalve eyclogram which will assure the
given shape of the indicator diagram. . '

As an illustration, an expander was com-

R puted with the following characterigtics:
Fig. 3. Graphs of the pres- ‘ . Vo v Vi oo Vo
F =004 a0 Le=003 a0 = |4 ~“ﬁd L e LU
sure change throughout the S AL g SV R o Vi
operdtlng cycle {a) and valve v, - p;__ ) ‘ ﬁm{ N . L .
. ey WEE o =9 = —es e = LY = 1307
‘cyclogram (b). R . e i A " p

af= L1070, e f =04 107 E Py T = 300° K .

The theoretiﬁal indicatorld{agramzof such'an expander is shown in
Fig. 2, and the corres pondlng ‘valve cyclogram in Fig. 3.

Let us note that the cycle duraTLcn is related practically. llnpdrly o
< the choke hole cross- Sectlonal area.
A Thefefore,-a proportional change in the number of valve drive rotations
and in the cﬁoke cross-gection permits regulating the freqiency of the'. k
workiﬁg process without essential distortion of the “indicator diagram.

Jen. 20, 1973 -
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